Several contributions have reported an altered expression of pseudoneglect in psychiatric disorders, highlighting the existence of an anomalous brain lateralization in affected subjects. Surprisingly, no studies have yet investigated pseudoneglect in first-degree relatives (FdR) of psychiatric patients. We investigated performance on ''paper and pencil'' line bisection (LB) tasks in 68 schizophrenic patients (SCZ), 42 unaffected FdR, 41 unipolar depressive patients (UP), and 103 healthy subjects (HS). A subgroup of 20 SCZ and 16 HS underwent computerized LB and mental number line bisection (MNL) tasks requiring judgment of prebisected lines and numerical intervals. Moreover, we evaluated, in a subgroup of 15 SCZ, performance on LB and MNL before and after parietal transcranial direct current stimulation (tDCS). In comparison to HS and UP, SCZ showed a systematic rightward bias on LB, partially corrected by selective right posterior parietal tDCS. Interestingly, even FdR showed a lack of pseudoneglect on LB, expressing a mean error lying in the middle between those of HS and SCZ. On the other hand, our results showed no significant difference between the performance of SCZ and HS on MNL. Both groups showed a comparable leftward bias that could not be significantly altered after left or right parietal tDCS. These findings confirm the existence of reduced lateralization in SCZ, suggesting specific impaired functioning of the right parietal lobule. Notably, we report a lack of pseudoneglect not only in SCZ but also in FdR, raising the hypothesis that an inverted laterality pattern may be considered a concrete marker of schizotypal traits.
Introduction
The human brain is characterized by a unique lateralization of cognitive functions between homologous areas of the 2 hemispheres. For instance, it is known that cortical networks of the right hemisphere (RH) involving the posterior parietal cortex (PPC) play a predominant role in visuospatial attention, so that RH lesions often induce visuospatial neglect, a severe neurological disorder characterized by failure to acknowledge or explore stimuli presented to the contralesional side of space. [1] [2] [3] The most commonly used technique for detecting the presence of unilateral spatial neglect is the line bisection (LB) test: the patient is asked to place a pencil mark at the center of a series of horizontal lines. Displacement of the bisection mark toward the side of the brain lesion is interpreted as a symptom of neglect (referred to as perceptual neglect). On the other hand, the phenomenon known as ''pseudoneglect'' 4 refers to the systematic leftward misbisection of horizontal lines made by neurologically intact observers. Recently, several studies have investigated this phenomenon in schizophrenia. In particular, many studies have shown that schizophrenia patients (SCZ) have an abnormal rightward bias in comparison to healthy subjects (HS) on the LB test, which has been hypothesized to be linked to right parietal dysfunction. 5, 6 On the other hand, one study has shown a leftward bias in affective patients. 7, 8 Surprisingly, till now no studies have investigated LB in patients' unaffected first-degree relatives (FdR).
There is also evidence supporting the existence of representational pseudoneglect in addition to perceptual pseudoneglect. This can be detected through the mental number line bisection (MNL) test, in which numbers are conceived as falling along a mental number line spatially oriented from left to right. 1, 9, 10 Recent studies have investigated representational pseudoneglect in schizophrenia: while Cavezian and colleagues 11 found an exaggerated leftward bias in the MNL of SCZ in comparison to HS, a more recent study found no difference between the 2 groups. 12 Therefore, in the current study, we aimed to compare the performance on the LB test and MNL test of SCZ, FdR of SCZ, unipolar patients (UP), and HS. Furthermore, in a following experiment, we sought to investigate whether anodal transcranial direct current stimulation (tDCS) over both the left and right PPC influenced LB and MNL performance in an SCZ subgroup, to better elucidate the putative role of the PPC in this abnormal behavior.
Methods

Subjects
Three hundred and five right-handed subjects were enrolled: 103 SCZ, 42 FdR, 41 UP, and 119 HS. All patients were inpatients and were recruited from the Psychiatric Clinic at Tor Vergata University in Rome. Diagnosis was determined by means of consultation with physicians and the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. Both patients and controls were excluded from participating if they exhibited any neurological or ophthalmological disorders, a history of head trauma, or if they met criteria for substance dependence within the previous 6 months or substance abuse within the month preceding testing.
Before evaluation, we used the Positive and Negative Syndrome Scale and the Global Assessment of Functioning scale to index the severity of the psychopathology. The schizophrenia group exhibited primarily mixed (both negative and positive) symptomatology, while the degree of depression in the UP group was evaluated with the Hamilton rating scale for Depression. See table 1 for demographic and clinical data for the patient group.
All subjects were right-handed on the basis of the Edinburgh Handedness Inventory 13 and they all gave written informed consent for the study. The experimental procedures used were approved by the local Ethics Committee and were carried out in accordance with the Declaration of Helsinki.
Experiment 1
Two hundred and fifty-four subjects were enrolled: 68 SCZ ( 6 12.97). Subjects were seated comfortably at a writing table and the pages (size A4) containing the tasks were placed in front of them. They were told to follow the instructions written in Italian at the top of each page. All tasks were to be performed using the dominant hand. The lines to be divided in the bisection task were centered on each page and located below the midline. The lines were 125-mm-long black lines on an otherwise blank white page. Every page instructed the subject to ''divide the line in half as accurately as possible.'' Participants were asked to bisect each line into 2 equal lengths using a pencil. In order to compute scores, each line was measured to the nearest millimeter. The deviation from the center of the line was calculated as the absolute error in millimeter. Negative values indicate leftward bias and positive values a rightward bias.
14 The task was repeated 3 times on 3 different days, and the mean deviation was calculated.
Experiment 2
Thirty-six subjects were recruited: 20 SCZ (7 women and 13 men; age, 38.85 6 12.01) and 16 HS (6 women and 10 men; age, 37.13 6 11.74).
E-Prime (version 2.0, Psychological Software Tools, Inc.; http://www.pstnet.com) software was used to create computerized versions of the 2 pseudoneglect protocols (LB and MNL; their experimental designs are presented in detail in the following sections), to run experiments, and to record subjects' responses. Stimulus presentation and data collection were performed on a 15.4-inch laptop computer.
Line Bisection. Visual stimuli consisted of black 1 mm thick horizontal lines transected by a vertical bar 1 mm 
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thick and 1 cm long, presented on a white background with the bisector exactly coincident with the center of the screen. A modified version of LB created by Fierro et al 15 was performed to detect perceptual pseudoneglect in medicated psychiatric patients. Stimuli were presented for 750 msec. Three 15-cm-long lines were presented, differing in the position of the bisector (at midpoint, rightward, or leftward). Subjects were given 30 trials in random order, 10 with the bisector at the exact center (7.5 cm), 10 with a rightward bisector at 8.0 cm, and 10 with a leftward bisector at 7.00 cm. The interstimulus interval was 3750 msec.
Subjects were seated at a distance of 45 cm from the laptop monitor and were asked to fixate a central cross that disappeared as soon as the lines were presented.
Observers judged the position of the bisector in prebisected lines by pressing 1 of 3 buttons with the right index, middle, or ring finger for ''left,'' ''equal,'' or ''right'' responses. The performance of the subject on each trial was scored as follows: 0, correct response; 1, if subject judged the bisector to be rightward with respect to its real position; À1, if subject judged the bisector to be leftward with respect to its real position.
Mental Number Line. Stimuli (integers from 1 to 99) consisted of 30 different 1 and 2-digit number triplets, made up of a middle number and 2 outer numbers defining a number interval on each side. The 3 number stimuli were spaced 25 mm apart. The numerical distance between the middle number and the outer numbers was equal (bisectable triplets: eg, 2_9_16), bigger on the right side (e.g., 9_15_6), or on the left side (e.g., 9_19_11) in an equal number of trials. Triplets that are part of a multiplication table were not included. Stimuli were presented for 750 msec, with the middle number coincident with the center of the 15.4-inch laptop display. The intertrial interval was 3750 msec. Subjects were seated at a distance of 45 cm from the monitor and were asked to fixate a central cross that disappeared as soon as the 3 numbers were presented.
Observers judged the magnitude of the middle number in relationship to the outer numbers by pressing 1 of 3 buttons with the right index, middle, or ring finger for ''left,'' ''equal,'' or ''right'' responses. The performance of the subject on each trial was scored as follows: 0, for a correct response; 1, if subjects judged the middle number nearer to the right number of the triplet with respect to the real position; À1, if subjects judged the middle number nearer to the left number of the triplet with respect to the real position.
Experiment 3
Fifteen SCZ were enrolled (4 women and 11 men; age, 34.33 6 10.37). The tDCS was applied for 10 min through rectangular saline-soaked sponge electrodes (50 3 70 mm 2 ) with a battery-driven stimulator (CX-6650, Rolf Schneider Electronics, Gleichen, Germany). Stimulus intensity was set at 1 mA.
We applied anodal stimulation over the right PPC and the left PPC in 2 different sessions at an interval of 7 days, while the reference cathode electrode was placed over the contralateral shoulder. The electrode position for right PPC tDCS was then defined relative to the P4 position of the 10-20 electroencephalography (EEG) system, while the electrode position for left PPC tDCS was then defined relative to the P3 position of the 10-20 EEG system. According to previous investigations adopting 3-dimensional magnetic resonance imaging (MRI) reconstruction, these sites are situated over the inferior parietal lobule (IPL) close to the posterior part of the adjoining intraparietal sulcus. 16 The LB and MNL computerized protocols were the same as for Experiment 2 (see above for details). The protocol presentation order was randomized both before and after the tDCS sessions. The performance of the subjects on LB and MNL was evaluated immediately before and then 5 minutes after each session of tDCS.
Statistics
The distribution of the pseudoneglect indices was evaluated. In the case of a nonnormal distribution, a logarithmic transformation was performed prior to statistical analysis to achieve an appropriate equivalence to a normal distribution (Shapiro-Wilk test, P > .05 consistently).
A General Linear Model approach was used to analyze the 3 experiments. In addition to well-known indices of null hypothesis significance testing, we reported the effect size-a measure useful for recognizing the value of the degree of association among variables-partial Eta squared (g 2 p ) in ANOVA models. Post hoc tests were performed with Bonferroni's CI adjustment for multiple comparisons to define which variables contributed to the major effects. Because we cannot have a P value greater than unity, if Bonferroni correction produced an adjusted P value greater than 1.0, the P value would be rounded down to 1.0. Statistical significance was set at P < .05.
Results
Experiment 1
Mean error values were normally distributed (ShapiroWilk W = 0.99, P = .07). Age was statistically different among groups (F 3,250 = 11.395, P < .0001, g Post hoc analysis revealed SCZ had a significant rightward bias in comparison to UP (P = .0001) and HS (P < .0001). The same significant rightward bias emerged in the comparison between FdR and, respectively, UP (P = .02), and HS (P < .03). No difference was observed between SCZ and FdR (P = 1.00) or between UP and HS (P = 1.00).
Experiment 2
LB and MNL values were normally distributed (respectively, LB: Shapiro-Wilk W = 0.99, P = .09; MNL: Shapiro-Wilk W = 0.99, P = .08). Age was not statistically different between groups (t 34 = 0.433, P = .67). Two separate 1-way ANOVA analyses were carried out to test the difference respectively on LB and MNL between SCZ and HS. The first ANOVA model showed a significant rightward bias of LB measurements in SCZ with respect to HS (F 1,34 = 25.046, P < .0001, g 
Experiment 3
Two separate 2-way repeated measures ANOVA (rm-ANOVA) models were used to study the difference induced by left and right parietal tDCS (2 within-subjects factors: ''condition,'' pre-tDCS vs post-tDCS; ''parietal stimulation,'' left vs right) on LB and MNL. The first rm-ANOVA model showed a ''condition'' effect (F 1,14 = 46.166, P < .0001, g 
Discussion
Schizophrenia is a complex disorder mainly characterized by thought disturbances, hallucinations, and decay of social and cognitive performance. From past attempts to identify the individual brain lesions responsible for specific domains of schizophrenia symptoms such as delusion and auditory hallucinations, recent data has pointed toward network alterations leading to abnormal brain asymmetry as important determinants of schizophrenia pathophysiology. 17 Set in motion partly by Flor-Henry and Gur [18] [19] [20] [21] reports about the left hemisphere (LH) dysfunction in schizophrenia, a series of studies were undertaken to investigate hemisphere asymmetries of brain functions in schizophrenia. In the present study, we explored functional asymmetry, or lack thereof, by traditional means of LB and MNL tasks.
Experiment 1
In experiment 1, we found that SCZ did not exhibit the normal pattern of leftward bisection error, showing a systematic rightward bias on LB tasks in comparison to both HS and UP. This result is in line with several previous reports, 5, 6 confirming the hypothesis of schizophrenia as a loss of normal cerebral asymmetry. Moreover, no significant difference was found between UP and HS. Surprisingly, we found for the first time that even FdR of SCZ showed a lack of leftward bias on LB, with a mean error that was in the middle between those found in the HS and SCZ groups.
In short, we found that unaffected relatives of SCZ patients had a milder leftward bias on the LB task in comparison to HS. Because we found that lack of normal pseudoneglect is associated only with schizophrenia (not with unipolar depression), it manifests in patients both with positive and negative symptomatology and is found in a milder form in nonaffected family members, we may support the hypothesis that this phenomenon may be a potential endophenotype of schizophrenia according to the definition of Gottesman and Gould. 22, 23 Considering LB as a traditional means of studying functional asymmetry, this hypothesis is in line with previous brain imaging studies showing abnormal brain asymmetry in unaffected relatives.
23,24
Experiment 2
In experiment 2, a subgroup of 20 SCZ and 16 HS underwent computerized LB and MNL tasks requiring judgment of prebisected lines and numerical intervals. Interestingly, SCZ patients expressed the same leftward bias in the visuospatial representation of numbers as the HS, showing dissociation in performance between visual line and number bisection in schizophrenia. Our data replicate the previous findings of Tian et al 12 on 40 SCZ patients. Notably, Brugger et al 25 have found that in HS, leftward bias is modulated by a mild form of schizotipy, suggesting that laterality in number representation may predispose to the development of fantastical ideas.
Complex phenomena are involved in the execution of MNL tasks. Till now, it has been commonly assumed that there is close interaction between the representations of number and space. 9 The most compelling evidence in favor of number-space interactions derives from patients with RH damage who typically also show a bias toward larger numbers when asked to report the middle of a numerical interval (eg, when asked to specify the middle between 1 and 9, they might respond 7). 26, 27 Moreover, neuroimaging and Transcranial Magnetic Stimulation (TMS) studies in healthy humans 28, 29 have demonstrated that numerical tasks involve parietal areas, whose involvement in space perception and spatial attention is well known. 30 On the other hand, recently, other studies have found dissociation between physical LB and MNL among different neglect patient groups. 31 In the light of the above findings, several authors have reported that representational forms of neglect only occasionally coexist with neglect in physical space. 32 Moreover, accurate neuropsychological examination revealed that the apparent left-sided neglect in the bisection of number intervals has a purely nonspatial origin and that verbal working memory may be crucial. 33 Our hypothesis is that MNL in schizophrenia does not depend on spatial perception and may involve areas other than the parietal cortex, but a deeper evaluation is needed. In fact, in accordance with this hypothesis, neuroimaging studies have shown that while the visual LB task is related to the structure of the striate cortex, the extrastriate visual cortex, and the parietal lobe, the mental number bisection task is instead related to the right parietal lobe and prefrontal cortex. 12 
Experiment 3
Finally, in experiment 3, we tested whether LB and MNL performance may be influenced by tDCS over both the left and right PPC. To date, it has been demonstrated that tDCS cannot only modulate activity in the brain region directly underlying the stimulating electrode but also in a network of brain regions that are functionally related to the stimulated area. 34 Furthermore, a magnetic resonance spectroscopy study has revealed that anodal stimulation over the PPC is able to increase glutamate and glutamine beneath the stimulating electrode. 35 In our experiment, we found that only right parietal tDCS altered SCZ scores on LB with a partial correction of their lack of leftward bias. Our hypothesis is that the changes in the performance observed on LB tasks in SCZ could be due to an increase in the neural activity of the right PPC induced by tDCS. Several studies have reported the involvement of the right PPC 36 and of the human IPL 30 in the phenomenon of visual neglect. Interestingly, transient disruption of the right PPC, induced by focal repetitive TMS, determines contralateral visuospatial neglect in normal subjects. 15 To this effect, several findings have reported dysfunction of the PPC in schizophrenia. 37 To this regard, IPL cortical thickness in antipsychotic-naïve schizophrenia has been related to the presence of Schneiderian first rank symptoms. 38 Furthermore, functional MRI data have revealed correlation of passivity symptoms with activation in the bilateral IPL, primary motor, and sensory cortices in the action monitoring condition. 39 In the parallel experiment, we tested whether MNL performance may be influenced by tDCS over both the left and right PPC. In a previous study by Gö bel et al, 29 low frequency repetitive Transcranial Magnetic Stimulation (rTMS) over the right PPC simulated RH damage shifting the perceived midpoint of the numerical interval of HS significantly to the right while occipital rTMS had no effect on bisection performance. As we expect that the right PPC in HS is normal, we did not hypothesize any change after anodal tDCS and our results confirmed our expectations. We did not find any change in SCZ performance either after right PPC tDCS. This result is not surprising as we already found in experiment 2 that there was no difference in performance on MNL between SCZ and HS.
Conclusions
The major finding of this study is that a lack of a significant leftward bias in the LB test is presented both in SCZ and, in a milder way, in FdR. Furthermore, we hypothesize that this is due to a dysfunction of the right PPC because the lack of leftward bias reduces after selective stimulation of this area, supporting the hypothesis that this phenomenon may be a potential endophenotype of schizophrenia. There is general agreement that the RH is dominant in the distribution of attention for both hemifields, while the LH attentional vector is directed only to the right hemifield. Thus, lesions to the RH frequently render neglect patients pathologically inattentive to the left hemispace. 2, 40 In our model, we postulate that in the schizophrenic brain the RH loses its dominance, and this may be responsible for the well-observed lack of leftward bias in schizophrenia.
